Objective Suppressor of cytokine signalling (SOCS) proteins constitute a class of intracellular proteins that are key physiological regulators of immune cell function. It has previously been shown that antigen-presenting cells (APCs) overexpressing SOCS3 steer T helper immune responses and protect against experimental arthritis. A study was undertaken to investigate the contribution of SOCS3 in regulating invariant natural killer T (iNKT) cell responses during collagen-induced arthritis (CIA). Methods DBA/1 mice were immunised with type II collagen and adenoviruses encoding SOCS3 were administered intravenously before the clinical onset of arthritis. Murine APCs overexpressing SOCS3 were co-cultured with an iNKT cell hybridoma and interleukin 2 (IL-2) release was measured by Luminex multi-analyte technology. The frequency and activation of primary iNKT cells was assessed by fl ow cytometry. Murine APCs were analysed for cytokine and CD1d expression following viral SOCS3 gene transfer. Results Viral overexpression of SOCS3 in APCs resulted in reduced activation of the iNKT cell hybridoma. Importantly, during initiation of CIA, adenovirus-mediated overexpression of SOCS3 in hepatic and splenic APCs inhibited iNKT cell expansion in both organs. The iNKT cell population from SOCS3-treated mice showed low expression of the early activation marker CD69 and primary liver iNKT cells produced less interferon γ and IL-4 upon α-galactosylceramide stimulation. No differences in CD1d surface expression were observed, but SOCS3-transduced APCs produced decreased levels of proinfl ammatory cytokines and increased levels of IL-10. Conclusion These results demonstrate a critical role for SOCS3 in controlling the immunostimulatory capacities of APCs, which has direct implications for the effector function of iNKT cells during arthritis.
INTRODUCTION
Invariant natural killer T (iNKT) cells are a unique subset of thymus-derived T lymphocytes defi ned by their co-expression of NK receptors (eg, NK1.1) along with a T cell antigen receptor. 1 This innate-like lymphocyte population in mice expresses a conserved semi-invariant T cell receptor (TCR) which is comprised of a Vα14-Jα18 TCR chain associated with a Vβ8.2, Vβ7 or, to a lesser extent, Vβ2 chain. 2 The biased TCR repertoire gives iNKT cells the ability to recognise glycolipid antigens presented by the major histocompatibility complex class I-like molecule CD1d. 3 4 The marine sponge-derived glycosphingolipid α-galactosylceramide (α-GalCer) was the fi rst synthetic ligand identifi ed as a potent stimulatory agent for iNKT cells. 5 Resting iNKT cells have a memory or partially activated phenotype refl ected by the expression of several memory/ activation markers (CD69, CD44) and the rapid production of an array of cytokines including interferon γ (IFNγ), interleukin 2 (IL-2), IL-4, IL-10 and IL-17 upon TCR engagement. 6 Once activated, iNKT cells can modulate the innate immune response via dendritic cells (DCs), macrophages and NK cells, and have a critical role in the regulation of subsequent adaptive T and B cell immune responses. 7 Because of the functional discrepancy of producing both proinfl ammatory and anti-infl ammatory cytokines, iNKT cells can exert both effector and regulatory functions. Evidence has been provided that iNKT cells play a critical role in autoimmune arthritis, either by enhancing disease or by protecting against disease. 8 Animal studies have shown that prophylactic and semi-therapeutic treatment with α-GalCer attenuates the clinical and histopathological severity of collagen-induced arthritis (CIA), a well-established animal model of human rheumatoid arthritis. 9 10 By contrast, progression of CIA appears to be less pronounced in Jα18 −/− and CD1d −/− mice or after anti-CD1 treatment. 11 Moreover, antibody-induced arthritis in the K/BxN serum transfer model is found to be less severe in CD1d −/− mice, whereas stimulation of iNKT cells by in vivo administration of α-GalCer promotes joint swelling. 12 Considering the dual functionality of iNKT cells in arthritis development and severity, it is tempting to exploit immunoregulatory mechanisms to steer the iNKT cell immune response during the disease process. Nowadays, structural analogues of α-GalCer have received considerable interest for their potential to control iNKT cell immune responses. 13 Members of the suppressor of cytokine signalling (SOCS) family are pivotal negative intracellular regulators of cytokine and Toll-like receptor (TLR) responses, including those that regulate innate and adaptive immune responses. Evidence accumulated over the last decade strongly points to an important role for SOCS3 in the regulation of immune cell development and function. 14 -16 We recently demonstrated that intravenouslyinduced overexpression of SOCS3 is effective in preventing CIA. The underlying mechanism involves the generation of tolerogenic antigenpresenting cells (APCs), which eventually affects the outcome of adaptive T helper cell responses. 17 Considering the important immunoregulatory properties of iNKT cells and their dual role in arthritis, we hypothesised that a biased iNKT cell population might be involved in the prophylactic effect of SOCS3 on arthritis. In this study we explored in more detail the ability of APCs overexpressing SOCS3 to regulate iNKT cell responses in vitro and after type II collagen challenge in vivo.
MATERIALS AND METHODS Mice
Male 10-12-week-old DBA/1 mice (Elevage Janvier, Le Genest Saint Isle , France ) were housed in top-fi lter cages and fed a standard diet with freely available water and food. Mice injected with adenoviral vectors were housed in low-pressure isolator cages. All in vivo studies complied with national legislation and were approved by the local authorities for the care and use of animals with related codes of practice.
Cell lines
The iNKT hybridoma DN32.D3 cells are derived from C57BL/6 NK1.1 + thymocytes, express the Vα14Jα18 rearrangement and show strong reactivity towards CD1d glycolipid antigens. 18 Cell lines were cultured in Dulbecco's modifi ed Eagle's medium (Invitrogen, Breda, The Netherlands ) supplemented with 2% heat-inactivated fetal calf serum, penicillin-streptomycin (Lonza, Basel, Switzerland), 1× non-essential amino acids (Invitrogen) and 1 mM pyruvate.
Construction of viral vectors
Third-generation self-inactivating lentiviral vectors containing the human phosphoglycerate kinase (PGK) promoter were used for generation of recombinant lentiviral vectors according to the method described previously. 19 Adenoviral vectors were E1A, B and E3 deleted and produced according to the AdEasy system method as described previously. 20 21 
In vitro stimulation assays
One day before transduction, J774 macrophages were seeded in a 96-well plate (1.5×10 5 /well). Cells were transduced with 250 ng p24 gag equivalents lentivirus in medium supplemented with 8 μg/ml polybrene (Sigma, Zwijndrecht, The Netherlands ) for 4 h at 37 ºC. Forty-eight hours after transduction the cells were washed extensively with sterile phosphate-buffered saline (PBS) after which the iNKT cell hybridoma DN32.D3 (5×10 4 /well), lipopolysaccharide (LPS) and/or synthetic α-galactosylceramide (KRN7000; Biomol International, Antwerp, Belgium ) were added for the next 24 h. For blocking experiments, J774 macrophages were preincubated with 10 μg/ml anti-CD1d blocking antibody or appropriate isotype control (Biolegend, San Diego, California, USA) for 0.5 h at 4ºC before the iNKT cell hybridoma and stimulants were added.
Induction of collagen-induced arthritis
Mice were immunised intradermally at the tail base with 100 μg bovine collagen type II (BCII) emulsifi ed in complete Freund's adjuvant (CFA) ( Mycobacterium tuberculosis strain H37Ra; Difco Laboratories, Detroit, Michigan, USA) as described previously. 17 At day 21, mice were given an intraperitoneal booster injection of 100 μg BCII. One day after the booster injection, immunised mice were given an intravenous injection of 3×10 8 focus-forming units (FFU) adenovirus. Clinical signs of arthritis in paws and ankle joints were macroscopically scored in a blinded manner by two independent observers using a scale ranging from 0 to 2 for each limb, as described previously. 17 
Isolation of splenocytes and liver mononuclear cells
The adherent cell fraction mainly consisting of macrophages was isolated from the spleen as described previously. 17 For the stimulation assay, 1.5×10 5 splenic APCs were stimulated for 24 h with 1 μg/ml LPS. In addition, splenic APCs (1.5×10 5 /well) were co-cultured for 48 h with the iNKT cell hybridoma DN32. D3 (5×10 4 /well) in the presence of 1 μg/ml LPS and/or 100 ng/ ml α-GalCer. The livers were perfused with sodium chloride, mashed and fi ltered. The cells were resuspended in a 35% Percoll solution and centrifuged for 25 min at 750×g. Liver mononuclear cells (LMNCs) were collected from pellet and red blood cells were removed by osmotic shock. The LMNCs (1.5×10 5 /well) were stimulated with 100 ng/ml α-GalCer for 48 h.
Cytokine measurement in supernatant
Levels of murine IL-2, IL-4, IL-6, IL-10, IL-12p70, tumour necrosis factor α (TNFα) and IFNγ were determined in cell-free culture supernatants using the Luminex multi-analyte technology. The sensitivity of the assay was approximately 1 pg/ml.
Flow cytometric analysis
Splenic APCs were stained with phycoerythrin (PE)-labelled antimouse CD1d (1:200; eBioscience, San Diego, California, USA). For the analysis of iNKT cells, Fcγ receptors were blocked by preincubation with saturating amounts of anti-FcγRII/III monoclonal antibody (mAb) (BD Pharmingen). Subsequently, cells were stained with APC-labelled CD1d tetramers (1:100) loaded or not with an α-GalCer analogue (PBS57; NIH Tetramer Core Facility, Atlanta, Georgia , USA). The cells were then incubated with FITC-labelled anti-mouse TCRβ (1:200), PE-labelled anti-mouse CD69 (1:100) or appropriate isotype controls (Biolegend). For intracellular cytokine staining, LMNCs were stimulated for 2 h with 10 ng/ml phorbol myristate acetate (PMA) and 1000 ng/ml ionomycin in the presence of GolgiPlug (BD Pharmingen). The cells were stained for extracellular markers, fi xed, permeabilised with Cytofi x/Cytoperm solution (BD Pharmingen) and subsequently labelled with anti-mouse IFNγ-PE (1:200), anti-mouse IL-4-PE (1:200) or appropriate isotype controls (Biolegend) in PBS containing 1% bovine serum albumin, 2% fetal calf serum, 0.1% saponin. Stained cells were analysed using FACScalibur (Becton Dickinson , Mountain View, CA, USA) and FlowJo software.
RNA isolation and quantitative PCR analysis
Total RNA was extracted using TRIzol reagent and reverse transcribed into cDNA as described previously. 22 23 Quantitative real-time PCR was performed using the ABI/ Prism 7000 sequence detection system (Applied Biosystems, Foster City, California, USA). The PCR protocol was performed as described before. 15 Quantifi cation of PCR signals was achieved by calculating the difference between the cycle threshold value (Ct) of the gene of interest with the Ct value of the reference gene GAPDH (ΔCt). Primer sets used were GAPDH: Fw: 5′-GGCAAATTCAACGGCACA-3′, Rv: 5′-GTTAGTGGGGTCTCGCTCCTG-3′; SOCS3: Fw: 5′-CTGG TACTGAGCCGACCTCTC-3′, Rv: 5′-CCGTTGACAGTCTTC CGACAA-3′; TNFα: Fw: 5′-CAGACCCTCACACTCAGATCAT CT-3′, Rv: 5′-CCTCCACTTGGTGGTTTGCTA-3′; IL-6: Fw: 5′-G GAGCCCACCAAGAACGATAG-3′, Rv: 5′-TGGATGGAAGTC TCTTGCAGAGA-3′; IL-10: Fw: 5′-ATTTGAATTCCCTGGGT GAGAA-3′, Rv: 5′-ACACCTTGGTCTTGGAGCTTATTAA-3′; IL-12p35: Fw: 5′-TGGTGAAGACGGCCAGAGA-3′, Rv: 5′-CA GTGGTAAACAGGTCTTCAATGTG-3′; IL-12p40: Fw: 5′-AG CTAACCATCTCCTGGTTTGC-3′, Rv: 5′-CCACCTCTACAAC ATAAACGTCTTTC-3′; IL-18: Fw: 5′-GCCTCAAACCTTCCA AATCACT-3′, Rv: 5′-TTTCCTTGAAGTTGACGCAAGAG-3′.
Statistical analysis
Signifi cance of differences was determined using the MannWhitney U test performed on GraphPad Prism 4.0 software (GraphPad Software, San Diego, California, USA); p values ≤0.05 were regarded as signifi cant.
RESULTS

Diminished antigen-dependent activation of iNKT cells by macrophages overexpressing SOCS3
In order to evaluate whether enhanced SOCS3 expression in APCs could infl uence iNKT cell responses, we developed an in vitro system for co-culturing murine J774 macrophages with the iNKT cell hybridoma DN32.D3. The J774 macrophages were transduced with a lentiviral vector encoding the SOCS3 gene. An increase in the expression of SOCS3 mRNA was found 48 h after transduction ( fi gure 1A ) and the use of a GFP-lentiviral vector revealed a transduction effi ciency of about 84% ( fi gure 1B ). We next determined the ability of SOCS3-transduced J774 macrophages to activate the iNKT cell hybridoma in response to α-GalCer. Interestingly, the α-GalCer-reactive iNKT cell hybridoma primed by SOCS3-transduced macrophages produced signifi cantly less IL-2 than those primed by macrophages transduced with control virus ( fi gure 1C ).
Macrophages overexpressing SOCS3 inhibit cytokine-driven iNKT cell activation
In addition to the antigenic stimulation of iNKT cells via CD1d-presented antigens, tissue-specifi c microenvironments (eg, the local cytokine milieu) can drive the antigen-independent activation of CD1d-restricted T cells or enhance the weak responses to self-glycolipids. 24 -26 We determined the ability of SOCS3-transduced J774 macrophages to activate the iNKT cell hybridoma in response to the TLR4 agonist LPS. After TLR4 stimulation, control macrophages elicited a dose-dependent increase in IL-2 production by the iNKT cell hybridoma whereas SOCS3-transduced macrophages were signifi cantly less effi cient in activating the iNKT cell hybridoma ( fi gure 2A ). To exclude the possibility that recognition of self-glycolipids presented by CD1d plays a role in the activation process, blocking CD1d mAb or isotype matched control mAb was added to the J774-iNKT cell hybridoma co-cultures. Figure 2B shows that blocking of CD1d did not lead to differences in the LPS-induced IL-2 production. As a control, the potent antigen α-GalCer was added to the co-cultures and CD1d mAb completely inhibited the antigen-dependent induction of IL-2 production ( fi gure 2C ). These results indicate that the iNKT cell-macrophage communication in the LPS-stimulated culture system is not infl uenced by recognition of self-glycolipids presented by CD1d.
Intravenous delivery of adenovirus-mediated SOCS3 affects the ability of splenic APCs from type II collagen-immunised mice to activate iNKT cells in vitro
Consistent with our previous fi ndings, 17 intravenous adenoviral transfer of SOCS3 clearly prevented the development of CIA. A clear decreased incidence of arthritis was found during the 5-12-day period after virus injection. At day 12 after virus injection, only 40% of the paws in Ad5.SOCS3-treated mice developed signs of arthritis whereas, in control virus-treated mice, 90% of the paws were affected ( fi gure 3A ). The macroscopic scores of Ad5.SOCS3-treated mice that did become arthritic were the same as those of control virus-treated mice, suggesting that disease severity is identical once the threshold of disease induction has been passed ( fi gure 3B ). In this context, the effects of SOCS3 on immune cell function were examined during the 1-3-day period after virus injection, before the differences in arthritis incidence occurred. Besides liver resident APCs, we have shown that intravenous injection of adenoviruses leads to enhanced transgene expression in the APC fraction of the spleen, whereas no expression can be found in purifi ed CD3+ T cells. 17 27 28 We isolated splenic APCs one day after virus injection and co-cultured them with the iNKT cell hybridoma in the presence of LPS, α-GalCer or a combination of both. IL-2 production was notably increased in the co-cultures containing splenic APCs from control mice following α-GalCer or LPS stimulation. Furthermore, the increase in IL-2 secretion by the iNKT cell hybridoma was more pronounced (125-fold) when a combination of α-GalCer and LPS was added. The presence of splenic SOCS3-transduced APCs inhibited the increase in LPS, α-GalCer and α-GalCer plus LPS-induced IL-2 production by 79%, 40% and 55%, respectively ( fi gure 4 ).
Splenic APCs display an altered cytokine profi le but show no differences in CD1d cell surface expression after SOCS3 treatment
Regulation of CD1d cell surface expression on the APC is one of the mechanisms of controlling antigen-dependent iNKT cell activation and function. 29 However, no differences in CD1d expression on splenic APCs were found between the control group and the Ad5.SOCS3-treated group 1 and 3 days after virus injection ( fi gure 5A ). While CD1d expression was not affected, the splenic SOCS3-transduced APCs produced decreased mRNA and protein levels of TNFα, IL-6 and IL-12, and increased levels of antiinfl ammatory IL-10 following TLR4 stimulation ( fi gure 5B , C ). The TLR4-induced IL-18 mRNA expression was also clearly decreased (−56%). The protein levels of IL-18 were below the detection level and no difference in IL-12p40 mRNA expression was found (data not shown). Since the effect of SOCS3 on the antigen-specifi c activation of iNKT cells cannot be explained by differences in CD1d expression, these results suggest that SOCS3 inhibits both the antigen-dependent and -independent activation of iNKT cells in a cytokine-dependent manner.
SOCS3 treatment controls iNKT cell responses in vivo
We next investigated the effect of SOCS3 treatment on the primary iNKT cell population after type II collagen challenge in vivo. The percentages and absolute numbers of CD1d tetramerpositive iNKT cells were increased after collagen immunisation in the control virus-treated mice compared with non-immunised mice. Interestingly, intravenous delivery of adenovirus-mediated SOCS3 prevented iNKT cell expansion in both liver and spleen 3 days after virus injection ( fi gure 6A , B ). Because our data suggest that SOCS3-transduced APCs inhibit iNKT cell activity, Forty-eight hours after transduction the macrophages were co-cultured with the iNKT cell hybridoma in the presence of lipopolysaccharide (LPS). The levels of interleukin 2 (IL-2) in cell-free supernatants harvested after 24 h of co-culture were determined by Luminex multianalyte technology. Values are mean and SD. The experiments were performed twice with similar results. *p<0.05 vs control. (B, C) Murine J774 macrophages were treated with monoclonal antibody to CD1d or control IgG2b for 0.5 h at 4ºC before adding the iNKT cell hybridoma and different doses of (B) LPS or (C) α-galactosylceramide (α-GalCer). The LPS concentrations used were 1, 10, 100 ng/ml and the α-GalCer concentrations used were 12.5, 25, 50 ng/ml. The levels of IL-2 in cellfree supernatants were determined after 24 h of co-culture by Luminex multi-analyte technology.
group.bmj.com on June 23, 2017 -Published by http://ard.bmj.com/ Downloaded from we determined the expression of the early activation marker CD69 on the iNKT cell population. A CD69 high iNKT and CD69 low iNKT cell population was detectable after SOCS3 treatment in both organs, whereas control mice only mainly CD69 high iNKT cells. Interestingly, the CD69 low iNKT cell population from SOCS3-treated mice expressed CD69 to a similar extent as iNKT cells from non-immunised mice ( fi gure 6C ). Frequency analysis clearly showed an increase in splenic iNKT cell percentages during the 1-7-day period after virus injection, and eventually a decrease to the basal level in control virus-treated mice. In contrast, a moderate increase in iNKT cell frequency was found in SOCS3-treated mice ( fi gure 6D ). At the same time, in vivo SOCS3 delivery led to reduced numbers of hepatic TCRβ+ cells and iNKT cells that expressed the disease-promoting factor IFNγ ( fi gure 6E ), and LMNCs produced signifi cantly less IFNγ (−67%) and IL-4 (−69%) upon stimulation with α-GalCer ( fi gure 6F ). Hepatic IL-17-positive iNKT cells were not detectable in either control or SOCS3-treated mice, and IL-17 levels were below the detection level in α-GalCer-stimulated cultures. Taken together, our fi ndings clearly show that SOCS3 represses iNKT cell responses during the early initiation phase of CIA.
DISCUSSION
The results of this study identify SOCS3 as an important negative regulator of iNKT cell immune responses. We have shown that APCs genetically modifi ed to overexpress SOCS3 inhibit the antigen-specifi c and non-specifi c activation of an iNKT cell hybridoma. In type II collagen-immunised mice, enhanced SOCS3 expression in hepatic and splenic APCs resulted in reduced iNKT cell expansion, low expression of the early activation marker CD69 and reduced production of IFNγ and IL-4 by LMNCs upon α-GalCer stimulation. The mechanism underlying Figure 4 Reduced ability of splenic SOCS3-transduced antigen-presenting cells (APCs) from type II collagen-immunised mice to activate invariant natural killer T (iNKT) hybridoma cells in vitro. Bovine type II collagen-immunised mice were intravenously injected with 3×10 8 focus-forming units (FFU) Ad5.SOCS3 or Ad5.luciferase and killed 1 day later. Primary splenic APCs were cultured with the iNKT cell hybridoma for 48 h in the presence of 1 µg/ml lipopolysaccharide (LPS) and/or 100 ng/ml α-galactosylceramide (α-GalCer). The levels of interleukin 2 (IL-2) in cell-free supernatants were determined by Luminex multi-analyte technology. Values are corrected for unstimulated controls and depicted as mean plus SEM results from triplicate cultures (n=4 mice). *p<0.05 vs control.
this inhibition was an altered cytokine release; decreased production of proinfl ammatory cytokines and enhanced production of anti-infl ammatory IL-10 was found. Our fi ndings clearly show that SOCS3 represses rather than deviates iNKT cell responses by inhibiting the immunostimulatory capacities of APCs.
Tissue-specifi c microenvironments like the local cytokine milieu are known to infl uence the behaviour of iNKT cells, which mainly depends on TLR engagement on the APC. 26 30 Interestingly, SOCS3-transduced APCs showed a relatively weak capacity to initiate TLR-induced IL-2 production by the iNKT cell hybridoma. The activation of the iNKT cell hybridoma evoked by TLR4 interaction with APCs appeared to be independent of a direct invariant TCR-CD1d interaction. It is well known that IL-12 and IL-18 can enhance IFNγ/IL-4 production by iNKT cells. 31 -33 Moreover, IL-10 is a powerful inhibitor of antigen-specifi c T cell proliferation and protects the host from exacerbated T cell responses during infl ammation. 34 -36 A dominant role for endogenous IL-10 in the natural suppression of CIA has been demonstrated using neutralising antibodies. 37 It is therefore likely that the diminished IL-12 and IL-18 levels together with the enhanced IL-10 levels play an important role in the SOCS3-mediated inhibitory effect on iNKT cell activity. Given the fact that IL-10 is capable of inducing SOCS3 expression, 38 39 it is interesting to note that enhanced expression of SOCS3 by the iNKT cells results in reduced cytokine production. 40 In addition to the antigen-independent activation, SOCS3-transduced APCs were also less effi cient in priming the iNKT cell hybridoma in an antigen-dependent manner. Although enhanced cell surface CD1d levels increase the effi ciency of iNKT cell activation, 29 we observed no differences in CD1d expression on splenic APCs from both groups. Interestingly, ligand activation of iNKT cells by DCs results in upregulation of CD40 ligand expression on the iNKT cells, which subsequently can stimulate DC maturation and IL-12 production. 41 -43 Furthermore, a recent study by Uemura et al showed that ligandactivated iNKT cells modify the IL-12p70/IL-23 balance in DCs mainly via the production of both Th1 and Th2 cytokines. 44 This suggests that suboptimal stimulatory signals and soluble factors from α-GalCer-activated iNKT cells (eg, IL-2, IFNγ and/ or IL-4) can have a reciprocal stimulatory effect on the APCs in our co-culture system, which in turn can be inhibited in the SOCS3-transduced APCs. The effect of SOCS3 on the antigendependent activation of iNKT cells is therefore probably not caused by diminished antigen presentation but by changes in the cytokine microenvironment to which the APCs are exposed.
As reported previously, 17 we have confi rmed that intravenous delivery of adenovirus-mediated SOCS3 clearly prevents the development of CIA. There is extensive evidence that iNKT cells may infl uence the development and progression of experimental arthritis, but this may be benefi cial or harmful to the host. In the context of this heterogeneity, variables that should be taken into account are the arthritis model studied, mode of iNKT cell activation, the stage of the disease and the genetic backgrounds between lines of mice. 8 45 After collagen immunisation, iNKT cells undergo activation leading to enhanced percentages, cytokine release and expression of the early activation marker CD69. 11 46 Evidence has been accumulated that CD69 promotes lymphocyte retention in lymphoid organs via inhibition of the sphingosine-1-phosphate (S1P)-S1PR axis. 47 The enhanced CD69 expression on the iNKT cells from control virus-treated mice may therefore delay exit from the lymphoid organs during the 1-7-day period after virus injection. We demonstrated that in vivo delivery of SOCS3 prevented the expansion of splenic and hepatic iNKT cells, inhibited the upregulation of CD69 expression and caused reduced production of IFNγ and IL-4 by LMNCs following α-GalCer stimulation. These results show that SOCS3 does not cause a shift in iNKT phenotype but rather represses iNKT cell responses during the initiation phase of CIA. Together with the prophylactic effects of SOCS3, these fi ndings suggest that iNKT cells have a stimulatory role in our study at this stage of the disease.
Besides iNKT cells, SOCS3-transduced APCs are also capable of inhibiting the type II collagen-specifi c T cell proliferation and IL-4, IFNγ and IL-17 production by splenic CD3+ T cells. 17 It is known that activation of iNKT cells can lead to downstream activation of other cell types in the immune system, including T cells. Several studies have shown that in vivo administration of α-GalCer with or without various protein antigens can lead to enhanced bystander activation of both CD4+ and/or CD8+ T cells. 48 49 Whether SOCS3 overexpression also affects the bystander activation of T cells as another mechanism to regulate the immune response during CIA is still unknown and awaits further studies. Nevertheless, it is conceivable that the iNKT cells determine the threshold of immune activation and eventually the outcome of CIA induction.
In conclusion, this study clearly shows that SOCS3 inhibits the immunostimulatory function of APCs resulting in repression of iNKT cell responses during the initiation of CIA. Not only do these data substantiate the immunomodulatory capacities of SOCS3, they also give new insights into the possible endogenous role of iNKT cells in arthritis. The results of this study demonstrate a critical role for APCs in regulating iNKT cell function and suggest that genetic modifi cation of APCs may be exploited as a therapeutic approach to modulate iNKT cell immune responses in vivo. The challenge will be to determine whether this strategy combined with α-GalCer, or related analogues, results in superior therapeutic effects in autoimmune diseases such as rheumatoid arthritis.
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